Background-Stroke distance, the systolic velocity integral of aortic blood flow, is a linear analogue of stroke volume; its product with heart rate is minute distance, analogous to cardiac output. Objective-To investigate the feasibility of assessing cardiac output in children with a simple non-invasive Doppler ultrasound technique, and to determine the normal range of values. Methods-Peak aortic blood velocity, stroke distance, and minute distance were measured through the suprasternal window in 166 children (mean age 9.6 years, range 2-14) using a portable non-imaging Doppler ultrasound instrument. Results-The technique was well tolerated by all the children participating. Mean peak aortic blood velocity was 138 cm/s and was independent of age. Mean stroke distance was 31.8 cm and showed a small but significant increase with age; mean minute distance was 2490 cm and fell with age, as did heart rate.
esected 1 litre of blood from healthy volunteers while monitoring heart rate, blood pressure, central venous pressure, and cardiac output.2 Initially, heart rate increased and arterial blood pressure remained unchanged (baroreceptor reflex). After more severe blood loss (>15-20%) both heart rate and blood pressure were shown to fall. Cardiac output and central venous pressure, however, fell immediately and progressively during the haemorrhage. The effects on the cardiovascular system of tissue damage and anxiety complicate matters further, as increased sympathetic outflow causes an increase in both heart rate and arterial blood pressure.'
For these reasons the assessment of hypovolaemia in trauma patients is difficult, but especially so in children, due to their ability to compensate after blood loss. Hypotension in the shocked child is recognised as frequently being a preterminal sign. If children were to show the same progressive fall in cardiac output after haemorrhage that is observed in adults, then a technique for assessing cardiac output would be of benefit, particularly if it is non-invasive and convenient to perform in an accident and emergency (A&E) resuscitation room.
However, cardiac output, the volume of blood flowing out of the heart per minute, is measured only with great difficulty. The reference method is thermodilution, which is precluded in most circumstances in children because it is invasive, hazardous, and unreliable. But the possibility of assessing cardiac output simply and non-invasively is opened up by considering cardiac output as a distance rather than as a volume.4
Trauma causes more deaths in the first few decades of life than any disease. In 1988 a retrospective study of 1000 trauma deaths in England and Wales showed that 63% of non-head injury deaths were potentially preventable, and a major factor in many of these deaths was failure to recognise the presence or the magnitude ofblood loss.' Advanced Tauma Life Support and Advanced Paediatric Life Support courses now address this problem and provide clinicians with a system to improve the management of trauma patients. These courses emphasise the importance of heart rate, blood pressure, and other physical signs in the assessment of hypovolaemia.
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Children of all ages from 2 to 14 were examined (mean 9.6 years). The effects of age on peak aortic blood velocity and stroke distance are seen in figs 1 and 2. Peak aortic blood velocity is independent of age (r= -0.08; NS), but stroke distance shows a small but statistically significant increase with age (r=0.26; p<0.01). Heart rate falls steeply with age with a gradient of 23 bpm per decade (r=-0.52; p<0.001). Minute distance also falls with age (r=-0.22; p<0.01).
From the 95% confidence intervals of the relationship between stroke distance and age shown in fig 2, the lower limits of normal for stroke distance are 20, 22, and 24 cm at age 5, 10, and 15 years, respectively.
Discussion
In this study, mean peak aortic blood velocity in 166 children was 138 cm/s with a coefficient of variation of 15%. This is identical to the value found in a series of 120 children published by Light in 1978 (coefficient of variation 13%), although the two series were separated by 20 years and 500 miles, and the recordings were made by different equipment, and evaluated by different methods.7 Remarkably, too, in neither series is there any significant relationship between peak aortic blood velocity and age between 1 to 14 years, covering a several-fold range of body weight and height. These observations show that the measurement of peak aortic blood velocity is far from being arbitrary, and support the hypothesis that, by virtue of its effect on aortic growth, aortic blood velocity is a regulated variable.
Stroke distance is calculated as the integral of maximum instantaneous aortic blood velocity during systole. Its value depends on both peak velocity, and duration of systole, or flow time. While peak velocity is unchanged during childhood, heart rate falls and flow time increases. As a consequence, stroke distance shows a modest increase, of 13% per decade. The greatest percentage change of any of the haemodynamic variables measured is shown by heart rate, falling by 29% per decade. Minute distance, the product of stroke distance and heart rate, falls by 14% per decade, the effect of age on heart rate predominating over that on stroke distance.
In adults peak velocity and stroke distance fall with age8 due to progressive dilatation of the aorta.9 The previously published8 normal values for stroke distance in adults of different ages are shown between the 95% confidence intervals illustrated in fig 3. The values in children are entirely consistent with those in adults, and most of the measurements of stroke distance in children fall within the projected confidence intervals for the adults.
Stroke distance has been measured in various abnormal steady states in adults, and has behaved as would be expected of a measure of cardiac output. Thus, stroke distance is increased in pregnancy and anaemia, normal in hypertension, and reduced in acute myocardial infarction and cardiac failure.4 Acute hypovolaemia simulated experimentally by lower body suction is reliably detected by measurement of stroke distance.3 In nine blood donors, venesection of one unit of blood was associated with a fall of stroke distance but no significant change of heart rate or blood pressure."0 Measurement of stroke distance has been used clinically to detect hypovolaemia and to monitor its treatment."
There is scant information available about the measurement of stroke distance in children, but it holds great potential value for assessing hypovolaemia and for monitoring fluid resuscitation. due to open wounds. This may give a mistaken sense of security regarding arterial injury with closed fractures of the hand. Recognition of closed digital artery injury is difficult; the dilemma is that finger ischaemia may be secondary to venous congestion and will disappear with elevation, but this can result in a gangrenous finger if the digital artery is damaged. This can easily be ruled out by ultrasound. Early recognition and surgical repair can save the finger if the digital arteries are injured.
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